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DENTAL METHODS, COMPOSITIONS, AND KITS 
5 INCLUDING ACID-SENSITIVE DYES 

BACKGROUND 
For a variety of dental procedures, it is important, but often difficult, for 
a practitioner to be able to detect materials and surfaces that have come in 
10 contact with acidic materials. For example, etching compositions are acidic 
materials that are routinely applied to a surface of a dental structure as part of a 
variety of bonding procedures, and it is important for the practitioner to be able 
to readily determine which surfaces have had an etching composition applied 
thereto. However, it is oftentimes difficult for the practitioner to visually detect 
15 which surfaces have had an etchant applied thereto. 

Recent advances in dentistry have provided dental adhesives and 
compositions that are self-etching and thus, do not require a separate etching 
step. Some of these self-etching adhesives and compositions may be, and even 
preferably are, applied to a wet surface of a dental structure. In some cases it 
20 may be difficult to determine which surfaces have been properly wetted before 
application of the self -etching adhesive or composition. In some cases, the 
surface of the dental structure will not be properly etched if the surface was not 
properly wetted before application of the self-etching adhesive or composition. 
There exists a need for methods and compositions to visually indicate 
25 surfaces and materials that are contacted with acidic materials. 

SUMMARY OF THE INVENTION 
In one aspect, the present invention provides a method for applying an 
30 etching composition to a dental stmcture. The method includes: wetting a 
surface of a dental structure with a liquid including an acid-sensitive dye and 
water; and applying an etching composition to at least a portion of the wet dental 

1 
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Structure surface under conditions effective to cause a visually observable color 
change in the portion of the dental structure surface having the etching 
conaposition applied thereon. 

In another aspect, the present invention provides a method for applying a 
5 self-etching adhesive to a dental structure. The method includes: wetting a 
surface of a dental structure with a Uquid including an acid-sensitive dye and 
water, and applying a self-etching adhesive to at least a portion of the wet dental 
structure surface under conditions effective to cause a visually observable color 
change in the portion of the dental structure surface having the self-etching 

10 adhesive applied thereon. Preferably, the visually observable color change is 
from colored to essentially colorless. 

In another aspect, the present invention provides a method for applying a 
self-adhesive composition to a dental structure. The method includes: wetting a 
surface of a dental structure with a liquid including an acid-sensitive dye and 

15 water; and applying a self-adhesive composition to at least a portion of the wet 
dental structure surface under conditions effective to cause a visually observable 
color change in the portion of the dental structure surface having the self- 
adhesive composition applied thereon. Preferably, the visually observable color 
change is from colored to essentially colorless. 

20 Optionally, the self-adhesive composition can be provided as a precoated 

orthodontic appliance by a manufacturer, and the precoated orthodontic 
appliance can be applied to the wet dental structure smf ace. Exemplary 
orthodontic appliances include, for example, brackets, buccal tubes, bands, 
cleats, buttons, lingual retainers, bite blockers, and combinations thereof. 

25 Alternatively, the self-adhesive composition can be applied to a surface 

of an orthodontic appliance by a practitioner to provide a coated orthodontic 
appliance, and the coated orthodontic appliance can be applied to the wet dental 
structure surface. Optionally, the self-adhesive composition can be provided on 
an adhesive transfer area of a substrate, and the self-adhesive composition can be 

30 transferred from the adhesive transfer area of the substrate for applying to the 
orthodontic appliance. 
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In another aspect, the present invention provides a method of bonding a 
dental material to a dental structure. The method includes: wetting a surface of a 
dental structure with a liquid including an acid-sensitive dye and water; applying 
a self-etching adhesive to at least a portion of the wet dental structure surface 
5 under conditions effective to cause a visually observable color change in the 
portion of the dental structure surface having the self-etching adhesive applied 
thereon; drying the dental structure surface to form a first adhesive layer thereon; 
optionally applying a second adhesive over the first layer to form a second 
adhesive layer thereon; applying a dental material to the dental structure surface 

10 having the first adhesive layer and optionally the second adhesive layer thereon; 
and hardening at least one of the adhesive layers under conditions effective to 
form a bond between the dental material and the dental structure. Preferably, the 
visually observable color change is from colored to essentially colorless. 
Preferably, the adhesive is hardened under conditions effective to form a bond 

15 between the dental material and the dental structure of at least 7 MPa. The 
adhesive can be hardened before, during, or after applying the dental material. 
The second adhesive can be the same as the self-etching adhesive or different 
than the self-etching adhesive. The dental material can include, for example, a 
dental restorative, an orthodontic adhesive, or an orthodontic appliance. 

20 In another aspect, the present invention provides a method of restoring a 

dental structure. The method includes: wetting a surface of a dental structure 
with a liquid including an acid-sensitive dye and water; applying a self-adhesive 
composition to at least a portion of the wet dental structure surface under 
conditions effective to cause a visually observable color change in the portion of 

25 the dental stmcture surface having the self-adhesive composition applied 

thereon; and hardening the self-adhesive composition under conditions effective 
to form a bond between the hardened composition and tiie dental structure of at 
least 7 MPa. Preferably, the self-adhesive composition includes at least 40% by 
weight filler. Preferably, the visually observable color change is from colored to 

30 essentially colorless. 

In another aspect, the present invention provides a method of adhering an 
orthodontic appliance to a tooth. In one embodiment, the method includes: 
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wetting a surface of a tooth with a liquid including an acid-sensitive dye and 
water, applying a self-adhesive composition to at least a portion of the wet tooth 
surface under conditions effective to cause a visually observable color change in 
the portion of the tooth surface having the self-adhesive composition applied 
5 thereon; applying an orthodontic appliance to the tooth surface having the self- 
adhesive composition applied thereon; and hardening the self-adhesive 
composition under conditions effective to form a bond between the orthodontic 
appliance and the tooth. 

In another embodiment, the method includes: wetting a surface of a tooth 

10 with a liquid including an acid-sensitive dye and water; applying an orthodontic 
appliance having a self-adhesive composition thereon to at least a portion of the 
wet tooth surface under conditions effective to cause a visually observable color 
change in the portion of the tooth surface having the orthodontic appliance and 
self-adhesive composition applied thereon; and hardening the self-adhesive 

15 composition under conditions effective to form a bond between the orthodontic 
appliance and the tooth. In some embodiments, the method further includes 
applying a self-adhesive composition to an orthodontic appliance to provide the 
orthodontic appliance having the self-adhesive composition thereon. In other 
embodiments, the orthodontic appliance having the self-adhesive composition 

20 thereon is provided as a precoated orthodontic appUance. 

In another aspect, the present invention provides a multi-part dental 
composition including: a first part including an acid-sensitive dye; and a second 
part including an acid, wherein contacting the first part and the second part is 
effective to cause a color change. 

25 In another aspect, the present invention provides a method for using a 

multi-part dental composition including contacting a first part including an acid- 
sensitive dye and a second part including an acid, wherein contacting is effective 
to cause a color change. Preferably, the color change is from colored to 
essentially colorless. Optionally, the second part includes a self-etching 

30 adhesive or a self-adhesive composition. 

In another aspect, the present invention provides kits that include an acid- 
sensitive dye. In one embodiment, the kit includes: a liquid including an acid- 
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sensitive dye and water; and a dental etching composition. In another 
embodiment, the kit includes: a liquid including an acid-sensitive dye and water; 
and a self-etching dental adhesive. In another embodiment, the kit includes: a 
liquid including an acid-sensitive dye and water; and a self-adhesive dental 
5 composition. 

Definitions 

As used herein, "adhesive" or "dental adhesive" refers to a composition 
used as a pre-treatment on a dental structure (e.g., a tooth) to adhere a "dental 

10 material" (e.g., "restorative," an orthodontic appliance (e.g., bracket), or an 

"orthodontic adhesive") to the dental structure. An "orthodontic adhesive" refers 
to a highly (generally greater than 40 % by weight) filled composition (more 
analogous to a "restorative material" than to a "dental adhesive") used to adhere 
an orthodontic appliance to a surface of a dental structure (e.g., tooth). 

15 Generally, the surface of the dental structure is pre-treated, e.g., by etching, 
priming, and/or applying an adhesive to enhance the adhesion of the 
"orthodontic adhesive" to the dental structure. 

As used herein, a "restorative" or a "dental restorative" are used 
interchangeably and include, for example, cured or uncured composites such as 

20 glass ionomer cements and modified glass ionomer cements, fillings, sealants, 
inlays, onlays, crowns, bridges, and combinations thereof. 

As used herein, a "filling" refers to a highly filled paste suitable for 
filling a substantial void in a tooth structure. 

As used herein, a "non-aqueous" composition (e.g., an adhesive) refers to 

25 a composition in which water has not been added as a component. However, 
there may be adventitious water in other components of the composition, but the 
total amount of water does not adversely affect stability (e.g., the shelf-life) of 
the non-aqueous composition. Non-aqueous compositions preferably include 
less than 1% by weight, more preferably less than 0.5% by weight, and most 

30 preferably less than 0.1% by weight water, based on the total weight of the non- 
aqueous composition. 
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As used herein, a "self-etching" composition refers to a composition that 
bonds to a dental structure without pretreating the surface of the dental structure 
surface with an etchant. Preferably, a self-etching composition can also function 
as a self-primer wherein no separate etchant or primer are used. 
5 As used herein, a "self-adhesive" composition refers to a composition 

that is capable of bonding to a dental structure without pretreating the surface of 
the dental structure with a primer or bonding agent. Preferably, a self-adhesive 
composition is also a self-etching composition wherein no separate etchant is 
used. 

10 As used herein, "hardening" or "curing" a composition are used 

interchangeably and refer to polymerization and/or crosslinMng reactions 
including, for example, photopolymerization reactions and chemical 
polymerization techniques (e.g., ionic reactions or chemical reactions forming 
radicals effective to polymerize ethylenically unsaturated compounds) involving 

15 one or more materials included in the composition. 

As used herein, a "dental structure" refers to tooth structures (e.g., 
enamel, dentin, and cementum) and bone. As used herein, a "dental structure 
surface" or a "tooth surface" refers to an exposed surface of a dental structure or 
a tooth, respectively. The exposed surface may optionally include a material 

20 (e.g., a layer of material) on the dental structure or tooth. 

As used herein, an "uncut" dental structure surface refers to a dental 
structure surface that has not been prepared by cutting, grinding, drilling, etc. 

As used herein, an "unetched" dental structure surface refers to a tooth or 
bone surface that has not been treated with an etchant prior to application of a 

25 self-etching adhesive or a self-adhesive compositions of the present invention. 
As used herein, an "etchant" refers to an acidic composition that is 
capable of fully or partially solubilizing (i.e., etching) a dental structure surface. 
The etching effect can be visible to the naked human eye and/or instmmentally 
detectably (e.g., by Ught microscopy). Typically, an etchant is applied to the 

30 dental structure surface for a period of about 10 to 30 seconds. 
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As used herein, a "wet" dental structure surface refers to a surface of a 
dental structure that has visible water present (i.e., visible to a nalced human 
eye). 

As used herein, a "dry" dental structure surface refers to a surface of a 
5 dental structure that has been dried (e.g., air dried) and does not have present 
visible water. 

As used herein, "dental material" refers to a material that may be bonded 
to a dental structure and includes, for example, dental restoratives, orthodontic 
appliances, and/or orthodontic adhesives. 
10 As used herein, a "surfactant" refers to a surface-active agent that 

modifies the nature of a surface (e.g., reduces the surface tension) and 
encompasses surface-active agents typically referred to as "wetting agents." 

As used herein, "a" or "an" means "at least one" or "one or more" unless 
otherwise indicated. 

15 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
In one exemplary embodiment, the present invention provides methods 
and compositions to visually indicate (or identify) a dental structure surface that 
has been contacted with an aqueous liquid, and further to visually indicate when 

20 that wet surface has been subsequentiy contacted with an acidic dental 

composition. Such results can be achieved by including an acid-sensitive dye in 
the aqueous liquid. 

In other exemplary embodiments, the invention provides an acid- 
sensitive dye to indicate when components of a multi-component dental 

25 composition have been contacted or mixed For example, one component (e.g., 
an aqueous liquid component) of a multi-component dental composition may 
include an acid-sensitive dye to visually indicate when that component has been 
contacted or mixed with another component or components of the multi- 
component dental composition. 

30 Acid-sensitive dyes useful in the present invention are dyes that exhibit 

different colors (or lack of color) at different pH conditions. Useful acid- 
sensitive dyes include, for example, well-known pH indicator dyes. Typically, 
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such dyes are of low toxicity and are miscible or dispersable in liquids, 
preferably aqueous liquids (i.e., liquids that include water, preferably as the 
major component). Preferably such dyes are soluble in aqueous Uquids, and 
more preferably form stable aqueous solutions, 

5 Suitable acid-sensitive dyes useful in the present invention are well 

known to one of skill in the art and include, for example, Eosin dyes (e.g., Rose 
Bengal, Bromothymol Blue, Erythrosin B, and Eosin Y), azo dyes (Methyl Red 
and Methyl Orange), triarylmethane dyes, oxonol dyes, and phenolphthalein. 
Useful acid-sensitive dyes are frequendy commercially available. See, for 

10 example, Floyd J. Green, Tlie Sigma-Aldrich Handbook of Stains, Dyes, and 
Indicators [with Transmission Spectrum Reference], Aldrich Chemical Co., 
Milwaukee, WI (1990) for exemplary acid-sensitive dyes. Exemplary preferred 
acid-sensitive dyes include Rose Bengal, Bromothymol Blue, Methyl Red, and 
Methyl Orange. A more preferred acid-sensitive dye is Rose Bengal. 

15 Methods and compositions of the present invention include liquids that 

include an acid-sensitive dye and water (i.e., aqueous liquids). Preferably the 
acid-sensitive dye is dissolved in the aqueous liquid, thereby forming a solution 
of the acid-sensitive dye in the aqueous liquid. Preferably, the aqueous liquid 
includes at least 0.0001% by weight, more preferably at least 0.001% by weight, 

20 and most preferably at least 0.01% by weight, of an acid-sensitive dye, based on 
the total weight of the aqueous liquid. Preferably, the aqueous liquid includes at 
most 5% by weight, more preferably at most 2% by weight, and most preferably 
at most 1% by weight acid-sensitive dye, based on the total weight of the 
aqueous liquid. 

25 Aqueous liquids including an acid-sensitive dye useful in the present 

invention exhibit at least one visually observable color change when the pH of 
the aqueous liquid is changed. Preferably, the aqueous liquids exhibit a visually 
observable color change when the pH of the aqueous liquid is changed to 
become more acidic. For certain specific embodiments (e.g., embodiments that 

30 include applying an etching composition to a dental structure), the aqueous 
liquid preferably exhibits a visually observable color change when the pH is 
changed from a pH greater than or equal to 5 to a pH less than or equal to 3. 
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The term "visually observable color change" is meant to include a change 
in color from colored to essentially colorless, a change in color from essentially 
colorless to colored, or a change from a first color to a second color, that is 
observable by a naked eye of a human observer under ordinary office lighting 
5 conditions. Preferably, a visually observable color change corresponds to a 
change in CIELAB color coordinates AE units of at least 10, more preferably at 
least 20, and most preferably at least 30. 

In addition to an acid-sensitive dye, aqueous liquids useful in the present 
invention can also optionally include stabilizers, buffers, surfactants, 
10 antibacterial agents, water-soluble monomers (e.g., polymerizable components), 
pH adjuster agents, thickeners, fluoride anions, fluoride releasing agents, and 
combinations thereof. In certain embodiments, an aqueous liquid including an 
acid-sensitive dye is applied to a dental structure in such a manner to impart a 
first color to the structure. Upon subsequent appHcation of an acidic material 
15 (e.g., a dental etchant, a dental self-etching adhesive, or a dental self-adhesive 
composition) to the wet structure, the pH of the initially applied aqueous liquid 
including the acid-sensitive dye is lowered, thereby imparting a second color to 
the structure. Preferably, the first color is readily visible to an observer (e.g., a 
red, pink, orange, or blue color), whereas the second color is essentially 
20 colorless. As used herein, "essentially colorless" means that no color difference 
between the dental stmcture and the dental structure having the aqueous liquid 
applied thereto is observable by a naked eye of a human observer under ordinary 
office lighting conditions. Preferably, "essentially colorless" corresponds to a 
color difference between the dental structure and the dental structure having the 
25 aqueous liquid applied thereto in CIELAB color coordinates AE units of at most 
10, more preferably at most 6, and most preferably at most 3. At the end of the 
procedure, it is typically desirable that the dental structure remains essentially 
colorless, i.e, that no visually observable color returns to the dental structure 
surface over time. 

30 Preferred acid-sensitive dyes are those that exhibit a color change from a 

first color (not essentially colorless) to essentially colorless (and more preferably 
colorless) upon lowering of the pH. 
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SELF-ETCHING ADHESIVES 

Self-etching adhesives refer to adhesives that bond to a dental structure 
without pretreating the surface of the dental structure surface with an etchant. 

5 Preferably, a self-etching adhesive can also function as a self-primer wherein no 
separate etchant or primer are used. Self-etching adhesives are well known to 
those of skill in the art and include, for example, those disclosed in U.S. Pat. No. 
6,506,816 (Alio et al.); U.S. Pat. Application Publication No. 2004/0206932 Al 
(Abuelyaman); U.S. Pat. Application Serial No. 10/916,168, filed August 11, 

10 2004; and U.S. Pat. AppUcation Serial No. 10/916,169, filed August 11, 2004. 
Exemplary self-etching adhesives also include those available under the trade 
designation ADPER PROMPT L-POP from 3M ESPE (St. Paul, MN). 

In one exemplary embodiment, the self-etching adhesive is a non- 
aqueous self-etching adhesive. The non-aqueous self-etching adhesive can 

15 include, for example, an ethylenically unsaturated compound with acid 

functionality, an ethylenically unsaturated compound without acid functionality, 
and an initiator system. Exemplary acid-functionality includes carboxylic acid 
functionality includes phosphoric acid functionality, phosphonic acid 
functionality, sulfonic acid functionality, or combinations thereof. Optionally, 

20 the non-aqueous self-etching adhesive further includes a filler. Optionally, the 
non-aqueous self-etching adhesive further includes a surfactant. Exemplary non- 
aqueous self-etching adhesives are disclosed, for example, in U.S. Pat. 
AppUcation Serial No. 10/916,168, filed August 11, 2004. 

In another exemplary embodiment, the self-etching adhesive includes a 

25 water-in-oil emulsion (e.g., a microemulsion). Preferably, the emulsion is 

physically and/or chemically stable. The self-etching adhesive can include, for 
example, an ethylenically unsaturated compound with acid functionaUty, an 
ethylenically unsaturated compound without acid functionality, an initiator 
system, and water. In some embodiments, the self-etching adhesive includes 

30 less than 30% by weight water. Exemplary acid-functionality includes 

carboxylic acid functionality includes phosphoric acid functionality, phosphonic 
acid functionality, sulfonic acid functionaUty, or combinations thereof. 
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Optionally, the self-etching adhesive further includes a filler. Optionally, the 
self-etching adhesive further includes a surfactant. Exemplary self-etching 
adhesives including a water-in-oil emulsion are disclosed, for example, in U.S. 
Pat Application Serial No. 10/916,169. filed August 11, 2004. 

5 

SELF-ADHESIVE COMPOSITIONS 

Self-adhesive compositions refer to compositions that are capable of 
bonding to a dental structure without pretreating the surface of the dental 
structure with a primer or bonding agent. Preferably, a self-adhesive 

10 composition is also a self-etching composition wherein no separate etchant is 
used. Self-adhesive compositions are known to those of skill in the art and 
include, for example, those disclosed in U.S. Pat. Application Publication No. 
2004/0110864 Al (Hecht et al.) and U.S. Pat. Application Serial No. 
10/916,240, filed August 11, 2004. 

15 In one exemplary embodiment, the self-adhesive composition is a non- 

aqueous self-adhesive composition. The non-aqueous self-adhesive composition 
can include, for example, an ethylenically unsaturated compound with acid 
functionality, an ethylenically unsaturated compound without acid functionality, 
an initiator system, and at least 40% by weight filler, based on the total weight of 

20 the non-aqueous self-adhesive composition. Exemplary acid functionality 
includes, for example, carboxylic acid functionality, phosphoric acid 
functionality, phosphonic acid functionality, sulfonic acid functionality, or 
combinations thereof. Optionally, the non-aqueous self-adhesive composition 
further includes a surfactant. Exemplary non-aqueous self-adhesive 

25 compositions are disclosed, for example, in U.S. Pat. Application Serial No. 
10/916,240, filed August 11, 2004. 



30 

METHODS, COMPOSmONS, AND KITS 

Aqueous liquids including an acid-sensitive dye as described herein are 
particularly useful in aiding the practitioner to determine whether a surface of a 
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dental structure has been properly wetted before application of a self-etching 
adhesive or self-adhesive composition thereto. 

For example, a surface of a dental structure can be wetted with a liquid 
including an acid-sensitive dye and water prior to applying an etching 
5 composition, a self-etching adhesive, or a self-adhesive composition to at least a 
portion of the wet dental structure surface. The application of the etching 
composition, self-etching adhesive, or self-adhesive composition can cause a 
visually observable color change in the portion of the dental structure surface 
having the etching composition, self-etching adhesive, or self-adhesive 

10 composition applied thereon. Preferably, the visually observable color change is 
from colored to essentially colorless. 

Optionally, a self-adhesive composition can be provided by a 
manufacturer as a precoated orthodontic appliance appliance that is packaged in 
a suitable container, and the precoated orthodontic appliance can be applied by a 

15 practitioner to the wet dental structure surface. Exemplary orthodontic 

appliances include, for example, brackets, buccal tubes, bands, cleats, buttons, 
lingual retainers, bite blockers, and combinations thereof. Exemplary containers 
are well known in the art and are disclosed, for example, in U.S. Pat. Nos. 
5,172,809 (Jacobs et al.), 6,089,861 (Kelly et al.) and U.S. Pat. Application 

20 Publication No, 2003/0196914 Al (Tzou et al.). 

Alternatively, a self-adhesive composition can be applied to a surface of 
an orthodontic appliance by a practitioner to provide a coated orthodontic 
appliance, and the coated orthodontic appliance can be applied to the wet dental 
structure surface. Optionally, the self-adhesive composition can be provided on 

25 an adhesive transfer area of a substrate, and the self-adhesive composition can be 
transferred from the adhesive transfer area of the substrate for applying to the 
orthodontic appliance. Exemplary substrates with transfer areas are described, 
for example, in U.S. Pat. No. 6,213,767 (Dixon et al.). 

Further, the present invention can be useful for bonding a dental material 

30 to a dental structure. For example, a surface of a dental structure can be wetted 
with a liquid including an acid-sensitive dye and water prior to applying a self- 
etching adhesive to at least a portion of the wet dental structure surface. The 
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application of the self-etching adhesive can cause a visually observable color 
change in the portion of the dental structure surface having the self-etching 
adhesive applied thereon. Preferably, the visually observable color change is 
from colored to essentially colorless. The dental structure surface can be dried 

5 to form a first adhesive layer thereon. Optionally a second adhesive can be 
applied over the first layer to form a second adhesive layer thereon. The second 
adhesive can be the same as the self-etching adhesive or different than the self- 
etching adhesive. Finally, a dental material can be applied to the dental structure 
surface having the first adhesive layer and optionally the second adhesive layer 

10 thereon. The dental material can include, for example, a dental restorative, an 
orthodontic adhesive, or an orthodontic appliance. At least one of the adhesive 
layers can be hardened under conditions effective to form a bond between the 
dental material and the dental structure. The adhesive can be hardened before, 
during, or after applying the dental material. Preferably, the adhesive is 

15 hardened under conditions effective to form a bond between the dental material 
and the dental structure of at least 7 MPa. 

Further, the present invention can be useful for restoring a dental 
structure. For example, a surface of a dental structure can be wetted with a 
liquid including an acid-sensitive dye and water prior to applying a self-adhesive 

20 composition to at least a portion of the wet dental structure surface. Preferably, 
the self-adhesive composition includes at least 40% by weight filler. The 
application of the self-adhesive composition can cause a visually observable 
color change in the portion of the dental structure surface having the self- 
adhesive composition applied thereon. Preferably, the visually observable color 

25 change is from colored to essentially colorless. The self-adhesive composition 
can be hardened under conditions effective to form a bond between the hardened 
composition and the dental structure of at least 7 MPa. 

Further, the present invention can be useful for adhering an orthodontic 
appliance to a tooth. For example, a surface of a tooth can be wetted with a 

30 liquid including an acid-sensitive dye and water prior to applying a self-adhesive 
composition and an orthodontic appliance to at least a portion of the wet tooth 
surface. In some embodiments, the self-adhesive composition alone is applied to 
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the wet tooth surface. In other embodiments, an orthodontic appliance having 
the self-adhesive composition thereon is applied to the wet tooth surface. 
Optionally, the orthodontic appliance having the self-adhesive composition 
thereon can be provided as a precoated orthodontic appliance. As an additional 

5 option, the self-adhesive composition can be applied to an adhesive that has been 
previously coated onto the base of an appliance and previously hardened to form 
a custom bonding pad or base having a contour that precisely matches the 
contour of the patient's tooth. The application of the self-adhesive composition 
can cause a visually observable color change in the portion of the tooth surface 

10 having the self-adhesive composition applied thereon. The self-adhesive 

composition can be hardened under conditions effective to form a bond between 
the orthodontic appliance and the tooth. 

As yet another option, the self-adhesive composition is applied during an 
orthodontic bonding procedure using a transfer tray such as tiie custom transfer 

15 apparatus described in U.S. Pat. AppUcation Serial No. 10/967,797, filed 
October 18, 2004. In this option, the surface of the patient's teeth are first 
wetted with a liquid including an acid-sensitive dye and water. Next, a transfer 
tray having the self-adhesive composition applied to selected areas of the tray is 
placed over the patient's teeth, with tiie result that the self-adhesive composition 

20 is transferred to contjspondmg areas of the patient's teeth. In this embodiment, 
tiie self-adhesive composition is a self-etching primer, and tiie resultant color 
change provides visual confirmation that the primer has been applied to the 
selected areas of the patient's teeth. An orthodontic appliance is tiien bonded to 
ttie selected area of each tooth. Preferably, tiie orthodontic appliance is a 

25 precoated appliance. Optionally, the appliances are placed on tiie tooth surfaces 
in an indirect bonding procedure using, for example, the placement device 
described in U.S. Pat. Application Publication No. 2005/0074716 (Cleary et. al). 

Aqueous liquids including an acid-sensitive dye as described herein can 
also be used as a part of a multi-part dental composition. For example, a multi- 

30 part dental composition can include: a first part including an acid-sensitive dye; 
and a second part including an acid. Contacting the first part and the second part 
is effective to cause a color change. Thus, tiie color change provides an 
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indication of when the first part and the second part of the multi-part dental 
composition have been contacted and/or mixed. Preferably, the color change is 
from colored to essentially colorless. Optionally, tiie second part includes a self- 
etching adhesive or a self-adhesive composition. 

5 For the convenience of a practitioner, compositions used in methods of 

the present invention (e.g., aqueous liquids including an acid-sensitive dye) can 
be provided in kits. In one exemplary embodiment, the kit can include: a liquid 
including an acid-sensitive dye and water; and a dental etching composition. In 
another exemplary embodiment, the kit can include: a liquid including an acid- 

10 sensitive dye and water; and a self-etching dental adhesive. In another 

exemplary embodiment, the kit can include: a liquid including an acid-sensitive 
dye and water; and a self-adhesive dental composition. 

Objects and advantages of this invention are further illustrated by the 
15 following examples, but tiie particular materials and amounts thereof recited in 
these examples, as well as other conditions and details, should not be construed 
to unduly limit this invention. Unless otherwise indicated, all parts and 
percentages are on a weight basis, all water is deionized water, and aU molecular 
weights are weight average molecular weight. 

20 

EXAMPLES 
Test Methods 

Adhesion Shear Bond Strength to Enamel or Dentin Test Method 
25 Adhesive shear bond strength to enamel or dentin for a given test sample 

was evaluated by the following procedure. 

Preparation of Teeth, Bovine incisal teeth, free of soft tissue, were 

embedded in circular acrylic disks. The embedded teeth were stored in water in a 

refrigerator prior to use. In preparation for adhesive testing, ttie embedded teeth 
30 were ground to expose a flat enamel or dentin surface using 120-grit sandpaper 

mounted on a lapidary wheel Further grinding and polishing of the tooth surface 
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was done using 320-grit sandpaper on the lapidary wheel. The teeth were 
continuously rinsed with water during the grinding process. The polished teeth 
were stored in deionized water and used for testing within 2 hours after 
polishing. The teeth were allowed to warm in a 36^C oven to between room * 

5 temperature (23''C) and S&'C before use. 

Teeth TreaUnent. An adhesive test sample was applied with a dental 
applicator brush over the entire surface of the prepared enamel or dentin surface 
according to the specific application techniques detailed in the Examples. After 
application, the adhesive coating was light cured for 10 seconds with an XL 

10 3000 dental curing light (3M Company. St. Paul, MN). A 2.5-nmi thick Teflon 
mold with a hole approximately 4.7 nmi in diameter was clamped to the 
embedded tooth such that the hole in the mold exposed part of the adhesively 
prepared tooth surface. A composite material, A2 shade of HLTEK Z250 
Universal Restorative (3M Company), was filled into the hole such that the hole 

15 was completely filled, but not overfilled, and light cured for 20 seconds to form 
a 'T^utton" that was adhesively attached to the tooth. 

Adhesive Bond Strength Testing. The adhesive strength of a cured test 
example was evaluated by mounting the assembly (described above) in a holder 
clamped in the jaws of an INSTRON testmg machine (Listron 4505, Instron 

20 Corp. Canton, Massachusetts) with the polished tootii surface oriented parallel to 
the direction of pull. A loop of orthodontic wire (0.44-mm diameter) was 
placed around the Z250 button adjacent to the polished tooth surface. The ends 
of the orthodontic wire were clamped in the pulling jaw of the INSTRON 
apparatus and pulled at a crosshead speed of 2 mm/min, fliereby placing the 

25 adhesive bond in shear stress. The force in kilograms (kg) at which the bond 
failed was recorded, and this number was converted to a force per unit area 
(units of kg/cm^ or MPa) using the known surface area of the button. Each 
reported value of adhesion to enamel or adhesion to dentin represents the 
average of 2 to 6 replicates. 

30 

Abbreviations, Descriptions, and Sources of Materials 
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Abbreviation 


Description and Source of Material 


Rose Bengal 


Acid-sensitive dye (Sigma-Aldrich, St. Louis, MO) 


TEGDMA 


Triethyleneglycol dimethacrylate (Sartomer, Exton, PA) 


BisEMA-2 


Bisphenol A ethoxylate (2 EO/phenol) dimethacrylate 

(Sigma-Aldrich) 


NPGDMA 


Neopentylglycol dimethacrylate (Sigma-Aldrich) 


MHP 


Methacryloyloxyhexyl phosphate (P2O5 derived) 
(See Preparation Method described herein) 


PM-2 


KAYAMER PM-2; Bis(methacryloxyethyl) phosphate 
(Nippon Kiyaku, Japan) 


EDMAB 


Ethyl 4-(N,N-dimethylamino)benzoate (Sigma-Aldrich) 


DPIPF6 


Diphenyliodonium hexafluorophosphate (Johnson Matthey, 
Alpha Aesar Division, Ward Hill, NJ) 


CPQ 


Camphorquinone (Sigma-Aldrich) 


TEA 


Triphenyl antimony (Atofina Chemicals, Inc., Philadelphia, PA) 


Zr02 Filler 


Surface-treated zirconia filler (nano-sized primary particles) 
(See Preparation Method described herein) 


RN-50 


NOIGEN RN-50 polymerizable nonionic surfactant pAI -Ichi 
Kogyo Seiyaku Co. Ltd., Japan; William H. Minkema, MINK 
Inc., Plymouth, MN) 



Starting Materials Preparations 

5 6-Methacryloxyhexyl Phosphate (MHP from P2O5) 

6-Hydroxyhexyl Methacrylate Synthesis: 1,6-Hexanediol (1000.00 g, 8.46 
mol, Sigma-Aldrich) was placed in a Miter 3-neck flask equipped with a 
mechanical stirrer and a narrow tube blowing dry air into the flask. The solid 
diol was heated to 90°C, at which temperature all the solid melted. With 

10 continuous stirring, p-toluenesulfonic acid crystals (18,95 g, 0.1 1 mol) followed 
by BHT (2.42 g, 0.011 mol) and methacrylic acid (728.49.02 g, 8.46 mol). 
Heating at 90°C with stirring was continued for 5 hours during which time 
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10 



vacuum was applied using tap water aspirator for 5-10 minutes after each half- 
hour reaction time. The heat was turned off and the reaction mixture was cooled 
to room temperature. The viscous liquid obtained was washed with 10% aqueous 
sodium carbonate twice (2 x 240 ml), followed by washing with water (2 x 240 
ml), and finally with 100 nJ of saturated NaCl aqueous solution. The obtained 
oil was dried using anhydrous Na2S04 then isolated by vacuum filtration to give 
1067 g (67.70 %) of 6-hydroxyhexyl methacrylate, a yellow oil. This desired 
product was formed along with 15-18% of l,6-bis(methacryloyloxyhexane). 
Chemical characterization was by NMR analysis. 



6'Methacryloxyhexyl Phosphate Synthesis: A slurry was formed by 
mixing P4O10 (178.66 g, 0.63 mol) and methylene chloride (500 ml) in a l-liter 
flask equipped with a mechanical stirrer under N2 atmosphere. The flask was 
cooled in an ice bath (0-5°C) for 15 minutes. With continuous stirring, 6- 

15 hydroxyhexyl methacrylate (962.82 g, which contained 3.78 mol of the mono- 
methacrylate, along with its dimethacrylate by-product as described above) was 
added to the flask slowly over 2 hours. After complete addition, the mixture was 
stirred in the ice bath for 1 hour then at room temperature for 2 hours. BHT (500 
mg) was added, and then the temperature was raised to reflux (40-4rC) for 45 

20 minutes. The heat was turned off and the mixture was allowed to cool to room 
temperature. The solvent was removed under vacuum to afford 1085 g (95.5%) 
of 6-Methacryloxyhexyl Phosphate as a yellow oil. Chemical characterization 
was by NMR analysis. 

25 Surface-Treated ZrOz Filler 

Zirconia Sol (217.323 g; 23.5% soUds; Nalco, Naperville, BL) was 
weighed into a plastic flask and then added slowly witti vigorous stirring to a 
solution of mono-2-(methacryloyloxy)ethyl succinate (28.796 g; Sigma-Aldrich) 
in l-methoxy-2-propanol (200.001 g; Sigma-Aldrich) that was contained in a 

30 plastic flask. The resulting mixture was then dried at 90°C to powder form 

(dryness) in a convection oven and subsequently ground with a mortar and pestle 
to a fine powder form for easier later redispersion. Average primary particle size 
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of the zirconia filler was approximately 5 nm, with 50-75 nm loose 
agglomerates. 

Example 1: Adhesive Application to Tooth and SBS Evaluations 
5 An aqueous dye solution was prepared by dissolving Rose Bengal (7.5 

mg) in water (5 g). A microbrush was used to apply the dye solution to a dry 
tooth surface such that the surface was a visible reddish/pink color. A dental 
adhesive composition (Adhesive Composition A, Table 1) was then applied by 
microbrush to the colored, wet tooth surface. Upon contact of the adhesive with 

10 the tooth surface, the surface changed in color from reddish/pink to colorless, 
The adhesive layer was dried, a second layer of adhesive (Adhesive Composition 
A) was applied to the dried tooth surface and lightly air-thinned. The tooth 
surface was then cured for 10 seconds and evaluated 16 hours post-cure for shear 
bond strength. The initial tooth preparation, curing conditions, and adhesive 

15 bond strength test procedures were as generally described in the Adhesion Shear 
Bond Strength to Enamel or Dentin Test Method described herein. The resulting 
SBS testing results were 26.8 MPa to enamel (average of 6 replicates) and 29.9 
MPa to dentin (average of 2 replicates). 

Similar SBS values were obtained in identical experiments using only 

20 water (no dye) as the initial application to the tooth surface. These results 

suggest that the presence of dye in the initial water coating has no effect on bond 
strength performance. 
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TABLE 1: Adhesive Composition A 


Component 


Amount (grams) 


TEGDMA 


8.63 


BisEMA-2 


4.31 


NPGDMA 


4.31 


MHP 


0.82 


PM-2 


8.18 


EDMAB 


0.22 


DPIPF6 


0.17 


CPQ 


0.28 


TPA 


0.01 


ZrOa Filler 


3.75 


RN-50 


0.45 



Example 2: Mixing of2''PartAdfiesive Composition: 
5 One part of the Rose Bengal aqueous dye solution as described in 

Example 1 was mixed with two parts of Adhesive Composition A (Table 1), As 
the two components were contacted and mixed together, the mixture color 
changed from a reddish/pink to essentially colorless. The color change can be 
indicative of the thoroughness of mixing. This example demonstrates that an 
10 acid-sensitive dye can serve as a contact or mixing indicator for an acidic 

component (e.g., a self-etching adhesive) and a second component that includes 
the dye. 
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Various modifications and alterations to this invention will become 
apparent to those skilled in the art without departing from the scope and spirit of 
this invention. It should be understood that this invention is not intended to be 
unduly limited by the illustrative embodiments and examples set forth herein and 
5 that such examples and embodiments are presented by way of example only with 
the scope of the invention intended to be limited only by the claims set forth 
herein as follows. 
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What is claimed is: 

1. A method for applying a composition to a dental structure, the method comprising: 
wetting a surface of a dental structure with a liquid comprising an acid-sensitive 

dye and water; and 

applying a composition to at least a portion of the wet dental structure surface 
under conditions effective to cause a visually observable color change in the portion of the 
dental structure surface having the composition applied thereon, wherein the composition 
is an etching composition, a self-etching adhesive, a self-adhesive composition, or a 
combination thereof. 

2. The method of claim 1 wherein the visually observable color change is from 
colored to essentially colorless. 

3. The method of claim 1 wherein the visually observable color change is from 
essentially colorless to colored. 

4. The method of claim 1 wherein the visually observable color change is from a first 
color to a second color, wherein the second color is different than the first color. 

5. The method of claim 1 wherein the acid-sensitive dye is selected from the group 
consisting of Rose Bengal, Bromothymol Blue, Methyl Red, Methyl Orange, Erythrosin 
B, Eosin Y, and combinations thereof. 

6. The method of any of the preceding claims wherein the hquid comprises 0.0001% 
to 5% by weight of the acid-sensitive dye. 

7. The method of any of the preceding claims wherein the liquid further comprises an 
antibacterial agent, a water soluble monomer, a pH adjuster agent, a buffer, a stabilizer, a 
surfactant, a fluoride anion, a fluoride releasing agent, or combinations thereof. 
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8. The method of any of the preceding claims wherein the dental structure comprises 
enamel, dentin, or cementum. 

9. The method of any of the preceding claims wherein the self-etching adhesive is a 
non-aqueous self -etching adhesive. 

10. The method of claim 9 wherein the non-aqueous self-etching adhesive comprises 
an ethylenically unsaturated compound with acid functionality, an ethylenically 
unsaturated compound without acid functionality, and an initiator system. 

11. The method of claim 10 wherein the non-aqueous self-etching adhesive further 
comprises a filler. 

12. The method of any of claims 1 to 8 wherein the self-etching adhesive comprises a 
water-in-oil emulsion. 

13. The method of claim 12 wherein the self-etching adhesive comprises an 
ethylenically unsaturated compound with acid functionality, an ethylenically unsaturated 
compound without acid functionality, an initiator system, and water. 

14. The method of claim 13 wherein the self-etching adhesive further comprises a 
filler. 

1.5. The method of any of claims 12 to 14 wherein the emulsion is physically stable. 

16. The method of any of claims 12 to 15 wherein the self-etching adhesive comprises 
less than 30% by weight water. 

17. The method of any of claims 12 to 16 wherein the emulsion is a water-in-oil micro- 
emulsion. 

18. The method of any of claims 12 to 17 wherein the emulsion is chemically stable. 
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19. The method of any of claims 1 to 8 wherein the self-adhesive composition is a non- 
aqueous self-adhesive composition. 

20. The method of claim 19 wherein the non-aqueous self-adhesive composition 
comprises an ethylenically unsaturated compound with acid functionality, an ethylenically 
unsaturated compound without acid functionality, an initiator system, and at least 40% by 
weight filler, based on the total weight of the non-aqueous self-adhesive composition. 

21. The method of claim 19 or 20 wherein the self-adhesive composition is provided as 
a precoated orthodontic appliance, and the precoated orthodontic appliance is applied to 
the wet dental structure surface. 

22. The method of claim 21 wherein the orthodontic appliance is selected from the 
group consisting of a bracket, a buccal tube, a band, a cleat, a button, a lingual retainer, a 
bite blocker, and combinations thereof. 

23. The method of claim 21 or 22 wherein the self-adhesive composition is applied to 
a surface of an orthodontic appliance to provide a coated orthodontic appliance, and the 
coated orthodontic appliance is applied to the wet dental structure surface. 

24. The method of claim 21 or 22 wherein the self-adhesive composition is provided 
on an adhesive transfer area of a substrate, and the self-adhesive composition is transferred 
from the adhesive transfer area of the substrate for applying to the orthodontic appliance, 

25. The method of any of claims 10, 11, 13 to 18, or 20 to 24 wherein the acid- 
functionality comprises carboxylic acid functionality, phosphoric acid functionality, 
phosphonic acid functionality, sulfonic acid functionality, or combinations thereof. 

26. The method of any of claims 10, 1 1, 13 to 18, or 20 to 25 wherein the non-aqueous 
self-etching adhesive further comprises a surfactant. 
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27. A method of bonding a dental material to a dental structure, the method 
comprising: 

wetting a surface of a dental structure with a liquid comprising an acid-sensitive 
dye and water; 

applying a self-etching adhesive to at least a portion of the wet dental structure 
surface under conditions effective to cause a visually observable color change in the 
portion of the dental structure surface having the self-etching adhesive applied thereon; 

drying the dental structure surface to form a first adhesive layer thereon; 

optionally applying a second adhesive over the first layer to form a second 
adhesive layer thereon; 

applying a dental material to the dental structure surface having the first adhesive 
layer and optionally the second adhesive layer hereon; and 

hardening at least one of the adhesive layers under conditions effective to form a 
bond between the dental material and the dental structure. 

28. The method of claim 27 wherein the adhesive is hardened under conditions 
effective to f onn a bond between the dental material and the dental structure of at least 7 
MPa. 

29. The method of claim 27 or 28 wherein the adhesive is hardened before, during, or 
after applying the dental material. 

30. The method of any of claims 27 to 29 wherein the second adhesive is the same as 
the self-etching adhesive. 

31. The method of any of claims 27 to 29 wherein the second adhesive is different than 
the self-etching adhesive. 

32. The method of any of clauns 27 to 31 wherein the dental material comprises a 
dental restorative, an orthodontic adhesive, an orthodontic appliance, or a combination 
thereof. 



25 



wo 2006/014597 



PCT/US2005/024291 



33. A method of restoring a dental structure, the method comprising: 

wetting a surface of a dental structure with a liquid comprising an acid-sensitive 
dye and water; 

applying a self-adhesive composition to at least a portion of the wet dental 
structure surface under conditions effective to cause a visually observable color change in 
the portion of the dental structure surface having the self-adhesive composition applied 
thereon; and 

hardening the self-adhesive composition under conditions effective to form a bond 
between the hardened composition and the dental structure of at least 7 MPa. 

34. The method of claim 33 wherein the self-adhesive composition comprises at least 
40% by weight filler. 

35. A method of adhering an orthodontic appliance to a tooth, the method comprising: 
wetting a surface of a tooth with a liquid comprising an acid-sensitive dye and 

water; 

applying a self-adhesive composition to at least a portion of the wet tooth surface 
under conditions effective to cause a visually observable color change in the portion of the 
tooth surface having the self-adhesive composition applied thereon; 

applying an orthodontic appliance to the tooth surface having die self-adhesive 
composition applied thereon; and 

hardening the self-adhesive composition under conditions effective to form a bond 
between the orthodontic appliance and the tooth. 

36. The method of claim 35 wherein the self-adhesive composition is a self-etching 
primer. 

37. The method of claim 36 wherein the self-etching primer is applied using a transfer 
tray. 

38. The method of claim 36 wherein the orthodontic appliance is precoated with an 
orthodontic adhesive. 
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39. A method of adhering an orthodontic appliance to a tooth, the method comprising: 
wetting a surface of a tooth with a liquid comprising an acid-sensitive dye and 

water; 

applying an orthodontic appliance having a self-adhesive composition thereon to at 
least a portion of the wet tooth surface under conditions effective to cause a visually 
observable color change in the portion of the tooth surface having the orthodontic 
appliance and self-adhesive composition applied thereon; and 

hardening the self-adhesive composition under conditions effective to form a bond 
between the orthodontic appliance and the tooth. 

40. The method of claim 39 further comprising applying a self-adhesive composition 
to an orthodontic appliance to provide the orthodontic appliance having the self-adhesive 
composition thereon. 

41. The method of claim 39 wherein the orthodontic appliance having the self- 
adhesive composition thereon is provided as a precoated orthodontic appliance. 

42. A multi-part dental composition comprising: 

a first part comprising an acid-sensitive dye; and 
a second part comprismg an acid, 

wherein contacting the first part and the second part is effective to cause a color 
change. 

43. A method for using a multi-part dental composition comprising contacting a first 
part comprising an acid-sensitive dye and a second part comprising an acid, wherein 
contacting is effective to cause a color change. 

44. The method of claim 43 wherein the color change is from colored to essentially 
colorless. 
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45. The method of claim 43 or 44 wherein the second part comprises a self-etching 
adhesive, a self-adhesive composition, or a combination thereof. 

46. A kit comprising: 

a liquid comprising an acid-sensitive dye and water; and 
one or more of a dental etching composition, a self-etching adhesive, and a self- 
adhesive composition. 



28 



INTERNATIONAL SEARCH REPORT 


l^rnatlonal Application No 

wr/US2005/024291 


A. CLASSIRCATION OF SUBJECT MATTER 

According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (dassHlcalion system followed by ciassifficalfon symbols) 

IPC 7 A61K 


Documenlatlon searched other than mrnlmum documentation lo the extent that such documents are Included m the fields searched 


Electronic data base consulted during the International search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC, COMPENDEX, BIOSIS, EMBASE 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 




Category ' 


Citation of document, wllh Incficatton, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
A 


us 4 204 978 A (GLACE, WILLIAM R ET AL) 

27 May 1980 (1980-05-27) 

figure 

claims 

PALMA, R.G.; TURBINO, M.L.; MATSON, E.; 

POWERS, J.M.: "Bond strength to dentin 

with artificial carious lesions: influence 

of caries detecting dye" 

AMERICAN JOURNAL OF DENTISTRY, 

vol. 11, no. 3, 1998, pages 128-130, 

XP008055059 

abstract 

-/- 


42-46 
1-46 


)( Furt 


her documents are listed In the continuation of box C. X members are listed In annex. 


• Special categories of cited documents : ,^ document published after the Intemationat fliing date 

or priority date and not in conflict with the application but 
•A' document defining the general state of the art which is not ^Ued to understand the principle or theory underlying the 

considered to be of particular relevance Invention 
•E" eariier document but published on or after the international .y. document of particular relevance; the claimed Invention 

filing date cannot be considered novel or cannot be considered to 
•L» document which may throw doubts on priority clalm(s) or Involve an inventive step when the document is taken alone 

which Is cited to establish the publication date of another cjocument of particular relevance; the claimed Invention 

dtatlon or other special reason (as specllled) cannot be considered to Involve an Inventive step when the 
•C document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu- 

othe/means '^n^s, such combination being obvious to a person skilled 

•P' document published prior to the Intemationat filing date but .„ . ^^'^ ^ ^ . .u . 

later lhan'the priority dale claimed document member of the same patent family 


Date of the actual completion of the international search 

10 November 2005 


Dale of mailing of the Intemallonal search report 

21/11/2005 


Name and mailing address of the ISA 

European Patent Office, P.B. 5B18 Patertlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31 -70) 340-3016 


Authorized officer 

Thornton, S 



Form PCT/1SA/210 (second sheet) (January 2004) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


jH^natlonal Application No 

Wr/US2005/024291 


C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Cilallon of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


KAZEMI, R.B.; MEIERS, J.C.; PEPPERS, K: 

bond strengths of total-etch and 

self -etching primer dentin bonding systems 

to resin composite" 

nPFRATTVF DFWTTSTRY 

vol. 27, no. 3, 2002, pages 238-242, 

XP008054961 

the whole document 




1-46 


A 


22 April 1976 (1976-04-22) 
claims 




1-46 


A 


US 5 766 012 A (ROSENBAUM ET AL) 

Jio uuiic x)p^o \ x^yo wv iwy 

examples 2-5 
claims 




1-46 


A 


US 4 347 233 A (YAMAUCHI ET AL) 
31 August 1982 (1982-08-31) 
examples 

1 a i itic 
U 1 a 1 llld 




1-46 


A 


PATENT ABSTRACTS OF JAPAN 
vol. 009, no. 236 (P-390), 

& JP 60 089752 A (TOKUYAMA SODA KK), 
20 May 1985 (1985-05-20) 
abstract 




1 — Afi 
1 W 


A 


WO 02/11642 A (CHIU, PAUL, C) 
14 February 2002 (2002-02-14) 
claims 




1-46 


P.X 


WO 2005/018581 A (3M INNOVATIVE PROPERTIES 
COMPANY) 3 March 2005 (2005-03-03) 
page 27, line 29 - page 28, line 22 
claims 1-3,127-129 




1-46 



Form PCT/lSA/210 (oontinuatton ol second sheet) (Januaiy 2004) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



J^ternational application No. 

PCT/US2005/024291 



Box II Observations where certain claims were found unsearchable (Continuation of Item 2 of first sheet) 



This Intemalional Search Report has not been established in respect ol certain claims under Article 17(2){a) for the following reasons: 

1. nn CiaimsNos.: - ^ ^ ....... 

because they relate to subject matter not required to be searched by this Authority, namely: 

Although claims 1-41 are directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged effects of the 
composition. 

^' D because tf^y relate to parts of the Intematlonai AppIlcaBon that do not comply with the prescribed requirements to such 
an extent that no meaningful Intematlonai Search can be carried out, specifically: 



^ S^ause tey are dependent claims and are not drafted fn accordance with the second and third sentences of Rule 6.4(a). 



Box III Observations where unity of Invention is lacking (Continuation of item 3 of first slieet) 



This International Searching Authority found multiple Inventions in this international application, ae follows: 



□ As all required additional search fees were Umely paid by the applicant, this international Search Report covers all 
searchable claims. 



rn As al) searchable claims could be searched without effort jusUfying an additional fee, this Authority did not Invite payment 
of any additional fee. 



□ As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
covers only those claims for which fees were paid, specifically claims Nos.: 



n No required additional search fees were timely paid by the applicant. Consequently, this International Search Report Is 
' — restricted to the Invention first mentioned In the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

I [ No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of flrsi sheet (2)) (January 2004) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Ity^natfona) Applicatfon No 

Wr/US2005/024291 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



US 4204978 
DE 2537463 



Al 



US 5766012 



US 4347233 



JP 60089752 



WO 0211642 A 
WO 2005018581 A 



27-05-1980 NONE 



22-04-1976 



JP 
JP 



51064484 A 
51067692 A 



16-06-1998 NONE 



31-08-1982 



DE 
GB 
JP 
JP 
JP 



2948575 Al 
2036557 A 
1104745 C 
55076821 A 
56048490 B 



20-05-1985 NONE 



14-02-2002 AU 



8324601 A 



03-03-2005 NONE 



Publication 
date 



03-06-1976 
11-06-1976 



12-06-1980 
02-07-1980 
16-07-1982 
10-06-1980 
16-11-1981 



18-02-2002 



Form PCT/ISA/210 (patant lamlly annax) (January 2004) 



